DEC-19-2005(MOfJ) 15:42 GALLAGHER & LATHROP (FAX) 41 5 989 09 1 0 P. 002 



CLAIM AMENDMENTS 

Claim 1 (canceled) 

2. (previously amended) An apparatus for measuring a clock skew between a plurality of 
clock signals under measurement comprising; 

a timing jitter estimator Lo which the plurality of clock signals under measurement 
are inputted for estimating their respective timing jitter sequences; 

a clock skew estimator to which the plurality of timing jitter sequences are inputted 
for calculating a timing difference sequence between those liming jitter sequences to output 
a clock skew sequence; and 

u second clock skew estimator to which a plurality of the clock skew sequences are 
inputted for obtaining a difference between the plurality of clock skew sequences. 

3. (original) The apparatus for measuring a clock skew between a plurality of clock signals 
under measurement according to claim 2 further including: 

a .frequency multiplier to which the liming jitter sequence is inputted for multiplying 
a frequency of the timing jitter sequence to output the frequency-multiplied liming jitter 
sequence to said clock skew estimator. 

4. (previously amended) An apparatus for measuring a clock skew between a plurality of 
clock signals under measurement comprising: 

a liming jitter estimator to which the plurality of clock signals under measurement 
are inputted for estimating their respective liming jitter sequences; 

a clock skew estimator to which the plurality of liming jitter sequences arc inputted 
for calculating a timing difference sequence between those tuning jitter sequences Lo output 
a clack skew sequence; and 

a frequency multiplier to which the tinning jitter sequence is inputted for multiplying 
a frequency of the timing jitter sequence to output die frequency-multiplied timing jitter 
sequence to said clock skew estimator. 
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5. (previously amended) An apparatus for measuring a clock skew between a plurality of 
clock signals under measurement comprising: 

a timing jitter estimator to which the plurality of clock signals under measurement 
are inputted for estimating their respective timing jiticr sequences; 

a clock skew estimator to which the plurality of timing jitter sequences arc inputted 
for calculating a timing difference sequence between those liming jitter sequences to output 
a clock skew sequence; and 

a deterministic clock skew estimator for estimating a timing error between ideal 
clock edges of the plurality of clock signals under measurement to output a deterministic 
component of clock skew to said clock skew estimator, 
wherein said clock skew estimator is an estimator for adding the deterministic component of clock 
skew to the timing difference sequence to output the summed value as the clock skew sequence. 

6. (previously amended) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 2 or 3 further comprising: 

a clock skew detector to which the difference between the plurality of clock skew 
sequences is inputted for obtaining clock skew values ofthc clock signals under 
measurement from said difference between the plurality of clock skew sequences. 

7. (original) The apparatus for measuring a clock skew between a plurality of clock signals 
under measurement according lo claim 6, wherein said clock skew detector comprises one or a 
plurality of a peak-to-pcak detector for obtaining a difference between the maximum value and the 
minimum value of die difference between the plurality of clock skew sequences, an RMS detector 
for obtaining a rooc-mean-squarc value of said difference between tlie plurality of clock skew 
sequences, and a histogram estimator for obtaining u histogram of said difference between the 
plurality of clock skew sequences. 

8. (previously amended) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according lo any one of claims 2 to 4, wherein said timing jitter 
estimator comprises; 

an analytic signal transformer for transforming a clock signal under measurement 

into a complex analytic signal; 
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an instantaneous phase estimator for obtaining an instantaneous phase of the analytic 

signal; 

a continuous phase converter for converting the instantaneous phase into a 
continuous instantaneous phase; 

a linear phase estimator for estimating, from the continuous instantaneous phase, its 
linear instantaneous phase; 

a subtracter for removing the linear instantaneous phase from die continuous 
instantaneous phase to obtain an instantaneous phase noise; and 

a zero-crossing sampler for sampling its input at timings close to zero-crossing 
timings ora real part of the analytic signal to output the sampled signal, said zero-crossing 
sampler being inserted in series to any one of connection points between said instantaneous 
phase estimator and said continuous phase converter, between said continuous phase 
converter and said linear phase estimator/sub tractor, and at an output side of said subtracter; 

wherein a timing jitter sequence of the clock signal under measurement is outputted 
as an output of said timing jitter estimator. 

9. (previously amended) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 8, wherein a deterministic clock skew 
estimator of the plurality of clock signals under measurement is an estimator that obtains a 
difference between initial phase angles of the linear instantaneous phases to obtain a deterministic 
component ofclock skew. 

10. (original) The apparatus for measuring a clock skew between a plurality ofclock signals 
under measurement according to claim 8, wherein said analytic signal transformer can change a 
pass bandwidth of the clock signal under measurement. 

11. (previously amended) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 8, wherein said timing jitter estimator 
comprises a low frequency component remover to which the instantaneous phase noise is inputted 
for removing low frequency components of the instantaneous phase noise to output the 
instantaneous phase noise from which the low frequency components have been removed. 
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1 2. (previously amended) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to any one of claims 2 to 5 further comprising; 

a waveform clipper to which the clock signal under measurement is inputted for 
removing amplitude modulation components of the clock signal under measurement in the 
state thai phase modulation components are retained in the clock signal under measurement 
to output the clock signal under measurement from which the amplitude modulation 
components have been removed. 

Claim 13 (canceled) 

14. (previously umended) A method of measuring a clock skew between a plurality of clock 
signals under measurement comprising: 

a step of estimating timing jitter sequences of the respective clock signals under 
measurement; 

a step of calculating a timing difference sequence between the plurality of timing 
jitter sequences to estimate a clock skew sequence; and 

a step of obtaining a difference between the plurality of clock skew sequences to 
estimate a clock skew sequence. 

1 5. (previously amended) The method of measuring a clock skew between a plurality of 
clock signals under measurement according to claim 14 further comprising: 

a step of assigning each timing jitter of the timing jilter sequence M times to estimate 
a timing jitter sequence that is created by multiplying a frequency of die corresponding 
clock signal under measurement by (M-t-1). 

1 (J. (previously amended) A method of measuring a clock skew between a plurality of clock 
signals under measurement comprising: 

a step of estimating timing jitter sequences orthc respective clock signals under 
measurement; 

a step of calculating a timing difference sequence between the plurality oftiming 
jilter sequences to estimate a clock skew sequence; and 
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a step of assigning each liming jitter of the timing jitter sequence M times to estimate 
a timing jitter sequence that is created by multiplying a frequency of the corresponding 
clock signal under measurement by (M+l). 

17. (previously amended) A method ofmeasuring a clock skew between a plurality of clock 
signals under measurement comprising: 

a step of estimating timing jitter sequences of the respective clock signals under 
measurement; 

a step of calculating a timing difference sequence between the plurality of timing 
jitter sequences lo estimate a clock skew sequence; and 

a step of estimating a tuning error between ideal clock edges of the plurality of clock 
signals under measurement to estimate a deterministic component of clock skew, 
wherein said step of calculating a timing difference sequence is a step or adding the deterministic 
component of clock skew to the timing difference sequence to obtain the summed value as the clock 
skew sequence. 

1 8. (previously amended) The meihod of measuring a clock skew between a plurality of 
clock signals under measurement according to claim 14 or 15 further comprising: 

a step of obtaining clock skew values of the clock signals under measurement from 
the difference between the plurality of clock skew sequences. 

19. (previously amended) The method of measuring a clock skew between a plurality of 
clock signals under measurement according to claim 18, wherein said step of obtaining a clock 
skew comprises one or a plurality of a step of obtaining a difference between the maximum value 
and the minimum value of the difference between the plurality of clock skew sequences to calculate 
a peak-to-peak value, a step of obtaining a raot-mean-squarc value of said difference between the 
plurality of clock skew sequences to calculate an RMS value, and a step of obtaining a histogram 
data of said difference between the plurality of clock skew sequences. 
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20. (previously amended) The method of measuring a clock skew between a plurality of 
clock signals under measurement according to any one of claims 1 4 to 1 6, wherein said step of 
estimating a timing jitter sequence comprises; 

a step of transforming a clock signal under measurement into a complex analytic 

signal; 

a step of obtaining an instantaneous phase of the clock signal under measurement 
from the analytic signal; 

a step of converting the instantaneous phase into a continuous instantaneous phase; 

a step of estimating, from the continuous instantaneous phase, its linear 
instantaneous phase; 

a step of removing the linear instantaneous phase from the continuous instantaneous 
phase to obtain an instantaneous phase noise; and 

a step of sampling any one of the instantaneous phase, the continuous instantaneous 
phase, and the phase noise waveform at timings close to zero-crossing timings of a real part 
of the analytic signal, 

wherein a timing jitter sequence of the clock signal under measurement is eventually obtained. 

21 . (previously amended) The method of measuring a clock skew between a plurality of 
clock signals under measurement according to claim 20, wherein a step of estimating a 
deterministic component of clock skew between the clock signals under measurement is a step of 
obtaining a difference between initial phase angles of linear instantaneous phases of the plurality of 
clock signals under measurement to obtain a deterministic component of clock skew. 

22. (original) The method of measuring a clock skew between a plurality of clock signals 
under measurement according to claim 21, wherein said step of estimating a deterministic 
component of clock skew between the clock signals under measurement comprises: 

a step ofobtaining an offset signal in which cither a correlation between timing jitter 
sequences of the plurality of clock signals under measurement or a correlation between 
instantaneous phase noises of the plurality of clock signals under measurement shows the 
maximum value to obtain an offset value of clock edge; and 

a step of obtaining a sum of the offset value and the difference between the initial 
phase angles to obtain the deterministic component of clock skew. 
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23. (currently amended) The method of measuring a clock skew between a plurality of 
clock signals under measurement according to claim 20, wherein aoid-a^slcp of estimating a 
deterministic component of clock skew between the clock signals under measurement is a step of 
obtaining a mean value of differences of zero-crossing timings between the plurality of signals 
under measurement to obtain a deterministic component of clock skew, 

24. (previously amended) The method of measuring a clock skew between a plurality of 
clock signals under measurement according to claim 20, wherein said step of estimating a timing 
jitter comprises a step of removing low frequency components of the instantaneous phase noise. 

25. (previously amended) The method of measuring a clock skew between a plurality of 
clock signals under measurement according to any one of claims 1 4 to 17 further comprising; 

a step of performing a waveform clipping in the state that phase modulation 
components of the clock signal under measurement are retained to remove amplitude 
modulation components of the clock signal under measurement, and moving to the step of 
estimating a timing jitter sequence, 

26. (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 4 or 5 further comprising: 

a clock skew detector to which the clock skew sequence is inputted for obtaining 
clock skew values orthe clock signals under measurement from the clock skew sequence* 

27. (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 26, wherein said clock skew detector 
comprises one or a plurality of a peak-to-peak detector for obtaining a difference between the 
maximum value and the minimum value of the clock skew sequence, an RMS detector for obtaining 
a root-mean-square value of the clock skew sequence, and a histogram estimator for obtaining a 
histogram of the clock skew sequence. 
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28. (currently amended) An apparatus for measuring a clock skew between a plurality of 
clock signals under measurement comprising: 

a timing jitter estimator to which the plurality of clock signals under measurement 
are inputted for estimating their respective timing jitter sequences; 

a clock skew estimator to which the plurality of timing jitter sequences are inputted 
for calculating a timing difference sequence between those timing jitter sequences to output 
a clock skew sequence; and 

a clock skew detector to which the clock skew sequence is inputted for obtaining 
clock skew values of the clock signals under measurement from the clock skew sequence^ 
whercinsjaid clock skew detector comprises one or a plurality oT a peak-to-pcak detector, for 
oblaimng, a difference between the maximum value and the minimum value of the clock 
skew sequence, an RMS detector for obtaining a ront-mean-square value of the clock skew 
sequence,, and a histogram estimator for obtaining a histogram of the clock skew_sequence . 

29. (canceled) 

30. (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 5, wherein said timing jitter estimator 
comprises; 

an analytic signal transformer for transforming a clock signal under measurement 
into a complex analytic signal; 

an instantaneous phase estimator for obtaining an instantaneous phase of the analytic 

signal; 

a continuous phase converter for converting the instantaneous phase into a 
continuous instantaneous phase; 

a linear phase estimator for estimating, from the continuous instantaneous phase, its 
linear instantaneous phase; 

a subtracter for removing the linear instantaneous phase from the continuous 
instantaneous phase to obtain an instantaneous phase noise; and 

a zero-crossing sampler for sampling its input at timings close to zero-crossing 
timings of a real part of the analytic signal to output the sampled signal, said zero-crossing 
sampler being inserted in scries to any one of connection points between said instantaneous 
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phase estimator and said continuous phase converter, between said continuous phase 
converter and said linear phase estimator/sub tractor, and at an output side of said subtracLor, 
wherein a timing jitter sequence of the clock signal under measurement is outputted 
as an output of said timing jitter estimator. 

3 1 . (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according lo claim 30, wherein said deterministic clock skew 
estimator of the plurality of clock signals undtn- measurement is an estimator that obtains a 
difference between initial phase angles of the linear instantaneous phases to obtain a deterministic 
component of clock skew, 

32. (previously added) The apparatus for measuring a dock skew between a plurality of 
clock signals under measurement according to claim 30, wherein said analytic signal transformer 
can change a pass bandwidth of the clock signal under measurement 

33. (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 30, wherein said timing jitter estimator 
comprises a low frequency component remover to wliich the instantaneous phase noise is inputted 
for removing low frequency components of the instantaneous phase noise to output the 
instantaneous phase noise from which the low frequency components have been removed. 

34. (previously added) An apparatus for measuring a clock skew between a plurality of 
clock signals under measurement comprising: 

a timing jitter estimator to which the plurality of clock signals under measurement 
are inputted for estimating their respective timing jitter sequences, wherein the timing jitter 
estimator comprises: 

an analytic signal transformer for transforming a clock signal under 
measurement into a complex analytic signal; 

an instantaneous phase estimator for obtaining an instantaneous phase 
of the analytic signal; 

a continuous phase converter for converting the insLantaneous phase 

into a continuous instantaneous phase; 
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a linear phase estimator for estimating, from the continuous 
instantaneous phase, its linear instantaneous phase; 

a subtracter for removing the linear instantaneous phase from the 
continuous instantaneous phase to obtain an instantaneous phase noise; and 

a zero-crossing sampler for sampling its input at timings close to 
zero-crossing timings or a real part of the analytic signal to output the 
sampled signal, said zero-crossing sampler being inserted in series to any one 
of connection points between said instantaneous phase estimator and said 
continuous phase converter, between said continuous phase converter and 
said linear phase estimator/subtrucior, and at an output side of said suhtractor, 
wherein a liming jitter sequence of the clock signal under measurement is outputled as an 
output of said timing jitter estimator; and 

a clock skew estimator to which the plurality of timing jitter sequences are inputted 
for calculating a tuning difference sequence between those liming jitter sequences to output 
a clock skew sequence, 

35. (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 34, wherein a deterministic clock skew 
estimator of die plurality of clock signals under measurement is an estimator that obtains a 
difference between initial phase angles of the linear instantaneous phases to obtain a deterministic 
component of clock skew. 

36. (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 34, wherein said analytic signal transformer 
can change a pass bandwidth of the clock signal under measurement. 

37. (previously added) The apparatus for measuring a clock skew between a plurality of 
clock signals under measurement according to claim 34, wherein said timing jitter estimator 
comprises a low frequency component remover to which the instantaneous phase noise is inputted 
for removing low frequency components ofthc instantaneous phase noise to output the 
instantaneous phase noise from which the low frequency components have been removed. 
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38. (previously added) The method of measuring a clock skew between a plurality of clock 
signals under measurement according to claim 16 or 17 further comprising: 

a step of obtaining clock skew values of the clock signals under measurement from 
the clock skew sequence. 

39. (previously added) The mediod of measuring a clock skew between a plurality of clock 
signals under measurement according to claim 38, wherein said step of obtaining a clock skew 
comprises one or a plurality of a step of obtaining a difference between the maximum value and the 
minimum value of the clock skew sequence to calculate a pcalc-to-pcak value, a step of obtaining a 
root-mean-squarc value of the clock skew sequence to calculate an RMS value, and a step of 
obtaining a histogram data of the clock skew sequence. 

40. (currently amended) A method of measuring a clock skew between a plurality of clock 
signals under measurement comprising: 

a step of estimating timing jitter sequences of the respective clock signals under 
measurement; 

a step of calculating a timing difference sequence between the plurality of timing 
jitter sequences to estimate a clock skew sequence; and 

a step of obtaining clock skew values of the clock signals under measurement from 
the clock skew sequenc e^ wherein said step of obtaining clock skew values comprises one or 
a plurality of a step orobtaining_a_difrcrenccActwccnJhe_maximiim value and the minimum 
value of the clock skew_fiequcnccjoj;alcjilatcjrncak-to-pcak value, a step of obtaining a 
root-mean-squarc value of the clock skew sequence to calculate an RMS value, and a step of 
obtaininK_a_ histogram data of the clock skew sequence . 

41. (canceled) 

42. (previously added) The method of measuring a clock skew between a plurality of clock 
signals under measurement according to claim 17, wherein said step of estimating a timing jitter 
sequence comprises; 
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a step of transforming a clock signal under measurement into a complex analytic 

signal; 

a step of obtaining an instantaneous phase of the clock signal under measurement 
from the analytic signal; 

a step of convening the instantaneous phase into a continuous instantaneous phase; 

a step of estimating, from the continuous instantaneous phase, its linear 
instantaneous phase; 

a step or removing the linear instantaneous phase from the continuous instantaneous 
phase to obtain an instantaneous phase noise; and 

a step of sampling any one of the instantaneous phase, the continuous instantaneous 
phase, and the phase noise waveform at timings close to zero-crossing timings of a real part 
of the analytic signal, 

wherein a timing jitter sequence of the clock signal under measurement is eventually obtained. 

43. (previously added) The method of measuring a clock skew between a plurality of clock 
signals under measuremenL according to claim 42, wherein said step of estimating a deterministic 
component of clock skew between the clock signals under measurement is a step of obtaining a 
difference between initial phase angles of linear instantaneous phases of the plurality of clock 
signals under measurement to obtain a deterministic component of clock skew. 

44. (previously added) The method ofmeasuring a clock skew between a plurality of clock 
signals under measurement according to claim 43, wherein said step of estimating a deterministic 
component of clock skew between the clock signals under measurement comprises: 

a step of obtaining an offset signal in which either a correlation between timing jitter 
sequences of the plurality of clock signals under measurement or a correlation between 
instantaneous phase noises of the plurality ofclock signals under measurement shows the 
maximum value to obtain an offset value of clock edge; and 

a step of obtaining a sum of the offset value and the difference between the initial 
phase angles to obtain the deterministic component ofclock skew , 
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45. (previously added) The method o ["measuring a clock skew between a plurality of clock 
signals under measurement according to claim 42, wherein said step ofestimating a deterministic 
component of clock skew between the clock signals under measurement is a step of obtaining a 
mean value of differences of zero-crossing timings between the plurality of signals under 
measurement to obtain a deterministic component of clock skew. 

46. (previously added) The mediod of measuring a clock skew between a plurality of clock 
signals under measurement according to claim 42, wherein said step ofestimating a timing jitter 
comprises a step of removing low frequency components of the instantaneous phase noise. 

47. (previously added) A method of measuring a clock skew between a plurality of clock 
signals under measurement comprising: 

a step ofestimating timing jitter sequences of the respective clock signals under 
measurement, wherein the ofestimating a timing jitter sequence comprises: 



a step of transforming a clock signal under measurement into a 
complex analytic signal; 

a step of obtaining an instantaneous phase of the clock signal under 
measurement from the analytic signal; 

a step of converting the instantaneous phase into a continuous 
instantaneous phase; 

a step of estimating, from the continuous instantaneous phase, its 
linear instantaneous phase; 

a step of removing the linear instantaneous phase from the continuous 
instantaneous phase to obtain an instantaneous phase noise; and 

a step of sampling any one of the instantaneous phase, the continuous 
instantaneous phase, and the phase noise waveform at timings close to zero- 
crossing timings of a real part of the analytic signal, 



wherein a timing jitter sequence of the clock signal under measurement is eventually 
obtained; and 

a step of calculating a liming difference sequence between the plurality of timing 
jitter sequences to estimate a clock skew sequence. 
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48. (previously added) The method of measuring a clock skew between a plurality of clock 
signals under measurement according to claim 47, wherein a step of estimating a deterministic 
component of clock skew between Ihe clock signals under measurement is a step of obtaining a 
difference between initial phase angles oflinear instantaneous phases of the plurality of clock 
signals under measurement to obtain a deterministic component of clock skew, 

49. (previously added) The method of measuring a clock skew between a plurality of clock 
signals under measurement according to claim 48, wherein said step of estimating a deterministic 
component of clock skew between the clock signals under measurement comprises; 

a step of obtaining an offset signal in which eitiier a correlation between timing jitter 
sequences of the plurality of clock signals under measurement or a correlation between 
instantaneous phase noises of the plurality of clock signals under measurement shows the 
maximum value to obtain an offset value ofclock edge; and 

a step of obtaining a sum of the offset value and the difference between the initial 
phase angles to obtain the deterministic component of clock skew, 

50. (previously added) The method of measuring a clock skew between a plurality ofclock 
signals under measurement according to claim 47, wherein said step of estimating a deterministic 
component ofclock skew between the clock signals under measurement is a step of obtaining a 
mean value of differences of zero-crossing timings between the plurality of signals under 
measurement to obtain a deterministic component ofclock skew. 

51. (previously added) The method of measuring a clock skew between a plurality ofclock 
signals under measurement according to claim 47, wherein said step of estimating a timing jitter 
comprises a step of removing low frequency components of the instantaneous phase noise, 
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